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(54) CMOS DIGITAL CONTROL CLM/ECL CLOCK PHASE SHIFTER 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a current-mode 
logic/emitter-coupled logic(CML/ECL) clock phase 
shifter generating a desired phase in response to 
a control signal which provides a 360° of phase 
control range and receives two CML clock signals 
with a known phase difference. 

SOLUTION: The phase shifter employs a CMOS current 
switch 10 generating a current signal with an 
amplitude adjusted by a digital control signal. A 
differential pair devices provide an amplitude- 
modulated current signal to an input clock and an 
input clock modified signal. Two MOS transmission 
networks invert selectively each ampi itude- 
modulated signal and sums signals from each side 
of a load network. The phase control resolution is 
optimum over four quadrants of an orthogonal phase 
input clock signal. 
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(54) [|8M©:Slit] CMOSx^v^^'JWWflCLM/ECL^Dyi^i^^gSg 



(57) mm 

mm 3 6 0° cOiJffl^iJI^^HS:**^ L . etacofi 
fflH^^-ri) 2 OC^C M L O >y ^?fi-f $--§-;C <ini> t 
$'J^fi-ttlGtTB»fSc^fiffl$r^fi!c-ri.CML/ 
E C L ^' n -y ^7 ^fflgaS: S^-r S . 

cMosma^^ 7f-$r<gffl-ri,. niiw^Btis JilS 

^^i^fi-^icffiif^-tl.. 2^c7)Mosiiifi^-/hv-;? 
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im^mi] 3 6 0- OfiffiSiJP^HT'ift^ft-t^Offi 
ffiSrS^X^CMOSr-f i^':7;k$lJffliCLM/ECL^o 
•x^^ffl^tCJSV^T : MffllT^ i^'^^l^-tfCtsf-^T, IS 

rmmmzm i jo 2 c7);^- h {i^< ^ 1 c^nijr 

hi^i (Tinmy - F i3 ctiA'm 2 <7)jD»y - f t 
jfM-ri.mi<ojift[Hisit. 

F $:|| 1 c7) Jn» y - F ct lA'B 2 cr>MM.y- F 
«^t-i.m2iOiIft|nlS§i:, 

liriem 1 J: t>'m 2 cotmy - f ti. 3 6 0 • 

t *^^>^^$^il. C t ^^^at 1-^ C MO St ^ 

t&ro 7 ^{i : mia^ 1 <7)y-vizmu^ti^:^^ 7 ^ 

t -en-f nfflBM 1 ti itXH 2 F 3 

mam 2 co^fls^fficTX-;^ tcfriBi«am-tc7)K!Kft 

O S T -f i^'^^l^lJffllC L M/E C L ^ O -y 

CLM/ECL^Q«y:J'^ffl||tfcV^T. H(fiBm2c7D|| 
ilJT'a 7^(i : HUfEm2c7)y-F{=Sf^$tlSx5 ./^ 
t ^n^'tim 1 *3 2 (^71^- F aui' 

O SfV >''^';I/$lJt»C L M/E C L n 7 ^J'^ffiSo 

[ is^^4 ] mim 1 f Biii^ c M o s r -f -j-^imn 

CLlVI/ECL^'n-y^'?|ffl||tt5V^T, H(riB^l(7)iM 
flEIgSJi : *a^i^*>'frifi^ 1 co;P- F tc, 
^ti^timm, 1 « J:t>'ll2 ^jD»y- F Wt^§ii. 
BulB$i|ffllT ^ i^'^^m^cT)!! 1 co^RSt -f X7 Ft:t^r> 



^^¥9-186 564 



fi-tc^REft-tS-, BufB^liii:t/^20jpS:y-F^ 
iaiglt5it/m2c7)jpi[y-FWggE$ii, BirfBmKT) 

«iit>>''7 hcomsim^iz^^x . mm^m^tifzm 
^ , BiriE^ 1 cfci/^ 2 ojni^y - Frat-flj 'omim 

[ft^as] fiiRJS4faKc7)CM0ST^i''^';usiJtJP 
^ 7^(i, frfamii^^w-Ftc^tiltgglstii. Fi/^y 

. ^K^timim \iixxf^2 (Dim / - f [zmm § 
ill. y-x t , frifim 1 <mmT ^i^-vv ^^nhtz^ 

\,zmm^ix^'f-Vb^^-th-ncr)C'N].osYyyv^ 

;P$lJfflIC L M/E C L ^ n 7 ^^fflls. 

7f-{i. m^2<r))v-uz^mim.^fih vu^y 
^ii'^'timi}ixv=m2cr,tmy-]^izmu^iii 
v-xb. friBii 1 comm^mRT ^'jyh i^ifh 

tiMzmm-^iih v-xb^^ti>-'McocMOS F 7 
yi^'ji^*»/ilf^§iil. ; i; C MO St -f 

i^ffmrnCLM/ECL^XJ^y^'I^IS^. 
CLM/ECL^a7:?^fflllttJV>-C. l«iE^2£7)i^ 

mmii : ftiiffii^*^'fflsm3co;i^-Fti. 

-etimMien 1 t5Xi/m2cr)mMy-}'^zim^ti. 
wimmT^'j-^)vm^<r>w.2<r)tmT^ 'j-v hz^-^ 

'mm^m^<DKm.mn & . mw.w, itiXv^m2cr)Mn 

*)lS^*i|<ilBm4co;l^-Ft:. ]^:hm-ifi^fi^fim 
ifillli5j:lX^2coSnS:y-Ft:Jg^$ix. fnBll2cr) 
Ktefi-^^RST >f 7 F lets! o frlB^lffl § fitcMm 

m%^iiiXTi%2<DM%y-Ymx'mmx.i>w. 

4<r>X^ •yi-bi}-'i^m^^til^bt:^mbi-lCMO 
S f -f i^'^ ;I^^IJ»C L M/E C L D 7 |5« 

CLM/ECL:7n-y7^fflfst:fcV^T, BUlBIS3c7)X 
^ 7^{i. msSmscDiU-h^zit^m^til VU^ y 

b. iix^ixmimiiixr/m2ff)MM.y-Y^zim^ 

its V-x b . mlBH 2 c^mmf ^i^-yh i^ii^fcib 

izim^tLh y- F b ^^-r -Wc7)c m o s f ^ y s^' 

x^*^^>mfi!c$iil.i fc ^nmbthCMO St ^ 
;l^JfflC L M/E C L 7 n 7 

[11^319 ] m^mi im(7)c MO St ^ i^^mm 



S h 5 yv-'Xi^j&^^jtgfiic^iil. i fc Sr#1Sfc-r-l. C MO 
S r i^'rJ'yl^SfJffll C L M/E C L ^ a •/ ^ ^ffill, 
[ff^il 1 0 ] 1 le^sOC MO St i^'rJ'/USiJ 

PCLM/ECL^O-y^i^ffl^tCijV^-C. frlEfl^^^ 

l>^2^7)Stiii:*>^>1ffi!cS^ll. ^ t S:!rf1li[i:tl.C MO 
Sf -f >'':?;P©JfflICLM/ECL^n>y:?^ffl|§. 
[fl^fl 1 1 ] fl^iM 1 iei8(7)C MO St i;^;U$iJ 

^ 7^(4 : mmM^:^my-Y\.zm^-thn.m^b. 

i,-n(r)cmoshyy'Jx^bt^i:>miii-^ii. 
mtinmosvyy'J:^^cov-:^iiX x/mtl p m o s 

hyyiyx^ayvv^ y\mji^<^n.wmz^mtm § 
ix . # M o s h ^ y i^x ^ y- h \mmmm^<nT 

^v-'-y hS:g(t, fnSNMOSh7yi^';^:J'=g-h'b-^y 

(4m 1 cr>y~ nz^mim^K. miep mo s h yyi^ 
X'^<r)^/~x\t'm2(r)j-Y {z^mmm $ ^ifrt em i a 

J; ZXmiBH 2 omsSSr ^^i^ixmlEU 1 i> J; t/m 2 <7) y 
- M:^< .1 1 ^!f#® t ■T'l. c M o s T i''^;l4iJPC 

LM/ECL^Oy:J'#fflS. 

fflICLM/ECLi?n-yj?^fflf|{:fcV^-C. HUfB«ffi;^> 
^ 7f-{4 : -en-filJ&^'SWmSfE^^kSiiOJtJiy-h' 

N M O S h 7 y v-';^ i: P M O S b 7 y v'';^ i: ^ ^ 
|,-*f£7)C MO S h 7 y x';^ ^J' kffii: *>/i>^i^$^l, 

fjiBN M o s h ^ yjx^ay^v-xa J: iXlulEP M o 

H tc^^afi^ $ . #M O S h 7 > ^ ioy- h m 
lEMfflft-f-iOf S^'-y h&Stt. BUlENMOS h7>v 

p M o s h 7 y i^'x c7)#y -x{4m 2 <7) y - K tzita 

BufEk#a(^T-f ^-'.y bttM-^T. ^^mm. 
iwiiim 1 coy- Kt. wmmw^mmm2(ny 
-Y{.zm<^Mmb-fhcmos'fA=J9mmc 

LM/ECL^O.y^'^fflll. " 
imimi 3 ] if^Jll 2iEii<^CMOST> 'J9)V 
$iJfflICLM/ECL^o-yi?^ffi||t;jDV^T. filEkffl 

<;^cmosh yyjx^m^h ofriEfiScii-SMco^ft 

{4. mtl^KrynM^mfSLL. sulEkfllcoCMOS 

y=jx9m-^(6(nmtmm.mnMi. fiiE®2om 

cKS-j^^-ri. t ^:mWitth c M o s T -f i^';5';p$fj|jp 
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CLM/ECL;?n-/:J'^fflS, 
[it*lSl4] 11^:111 3lBIKcOCMOST>i>;?;W 
$)JffliCLM/ECLi?n7^'^fflllt3ioV^-C, 
iol1fm2<^y- KT'#^>il7tHulEmi fcJ:t/IS2com 
»iE^iEmii<i«7)-&lh{4. #{a<l(3^Lv^it^!mtt 
■ri> C M O S T -f V C L M / E C L n -y ^ 

[ 15] 360° (r>imum^mr:m&m^<^ 

0 7:J'^ffll5(:fcv^T : lllcoy-h'tcmic7)€gi[Sr. 

m2<^j-nzm2 <r>%^m-x. , sott >f 

itriBisafi-tfe cfct/^'iiriEig 1 (Timm'^m l . iiriBiSii 
mm^^wRmzm i itx^2 <7)/i.- h tc#< ig i o 

^mi&^2com^iTmm^mi. mM^m^titz^m 
^m'^imiKmzm saxr/mAtnju- h izm< m 2 

(O^y^ v9b^ 

mmmir ^ i^'r^/Hi-^t^t^o t , 1 ^ it/m 2 

j-Y\z^m-h%\cwmiihb . 

mmuf ■< 'J9)vm^i<z'^'iX , luiEig 3 ^ j;i/m4 

aDjcy-HWi^t-i.m2c7)3Mfii5]st . 

MiEmiJ3j:l>'m2iOJiifl:y-Hlcg^g!Sti, Kiiai^) 

- i: *»^>««$ixl. c: i: f § C M O S tV 

^yl^lJtfilC L M/E C L ^ D -y ^ 
[It*]ai6] 11*311 4lBitcDCMOST^i/'^/W 
©JffllCLM/ECL^'0 7i?^fflSlt*3V^-C. MfBmi 
ioJ:i;^m2c7)SSi7)iEJ|'fl:ii®(r)-^fl-(4. *fi[ffltc^t 
\^^btmWibt hCyiOS^ ^ i/^mmCLU/E 
CLi?n-y^#ffl^. 

[ff*3ll 7 ] If^^S 1 5lBiJc73CMO St> -J^JV 
MffllCLM/ECL^'0 7^^fflSltt3V^T, S^>t:, 
fJlB^ 1 1> J;r/m 2 ^«fli[^^-ri.«»^jg3!)^'iMfiic§ 

fii>z.bi:^b^hcuosT 4 'Ji^mmcv.M/ 

[ 11*31 1 8 ] lt*]S 2 iBigco c M o s T i^-s^mi 

iPCLM/ECL^n>y^^ffl^t;fcV^T. frlEmiiJ 
J:U^m2W^^ft^a{4. ^Urs-yhyyiyx^-^h 

h:.b^mw.bt^cMosT^i^-9)immcLu/E 

CLi?n7^#ffl^. 
[000 1] 



#ffiSfftra-tl>t<7)T'J>S. :iZ.X\ CMLJi, curren 
t-mode logic. UsS^:— Hf&aSrSW-f -So tfz. EC 
L{±. emitter-coupled logic, X 5 -y :?^-^StmaiaI 

[0002] 
[00033 

[^BJ*^'mtJ;5i:-f-l.ilS} CMOSi>J:l>'CML 

-f-SrCML/ECL7:}---7>yh iZ^M-tl Z t ^i^Sm 

V^l,, CMOSfeitA'CML/ECLKirfi, 3^4. |5] 
$:f^±§€.SI5^l*^'^$^ltV^I.. L^^)!)>'-?T, CML 

/ECLMcfcv^T, miz, mmmmmmzis^^x 

[0004] *^Bg{i^ t^*c0^fflSltCj;-l. h'o-y^'•y 
^ (drawback) i^^l,ZtfMm^mzfm-t& , CM 
O S T •< i^'^;P$lJfP$:fflV S ^-if ta^< C M L/E 

[00 0 5] $^>t, CMOS$IJPfi-^^CML/EC 

L 7 - V -y h iz^m-ti>(^izm^mtf.zimm^ -y h 

^-^Srfflv^^rv^, CMOSr-f ix'^J'yl/SiMCiViL/E 
[0006] *l&B3c7)^a{4, mMC M L/E C Lffiia 

[00 0 7] t/c, *^BJ{4, 0° -3 6 0° C7)^c7)t' 

[0008] *^Hfltc J: ^^ffl||{4, 360- c^iiffl^J 
fflliSH SrSfi^ L , C M O S T -f 'J^)V%%aMmcr) i i f 
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[0 00 9] tfi. ^wm. ^^^i,zm^<'^u v9 

[0010] *^BJ{c J:Sro^''5-77';l'^ffl^c7)a^ 

^*ij;S{4. m^j:h^^ r(DmmznLwm.ifhi>^x' 
HCML-cMos -rji-^ru^ ■/ ^ ^mmth 

Ztl,ZXr>Xm^^til. icO/N^7'U 7 KCML-C 
M0S-7;l^f-7'U^-f7'D-y^'lcJ:o-C. CMOSK^t 

umra >y ^ sriSiic m Lm^^-^x^zmM^ v^y^.- 

x^hZhimmztiit. Zii-kmkth(ri^z. CMC 

s/cML^ii{4^^T'j>o. Ltzt^-^x. m=m^ 
w^tm-nwkt:t^-^£^m^^'^hztt^x'% h . 

iOESSMi. CMLfi-tyN°x«OiSiM}SiiflHtc,^ 
#L^V\ ^c;)rro-^(i:ft!jc7)^^7°c7)^i-t(ci,fflv^ 
hZbifiX'^h, 

[ 0 0 1 1] ^ *^njc7)t a 1 -:>mmi. mm^ 

tS^Uc^n.y^'<7){iffi^|ffl|gtT. 0- -3 6 0- 
[0012] 

[||li^M?^-tl.;^^i6i7)^S] *^aScr)CMO Sf ^ X 
:?;l/aiJffllC LM/ECL^n.yi? i^ffiUji, $Wt ^ v 
^)\/Mmz^->X. W.lcr>/-Y\<zW.l(r>mm. W.2 

<^j-Y\,z'^2<r)'m.'kH-}Li>%mx^ 'v^b. Silfi 
-ttmiottsS^^ft. .SMfi-t&^io«»ii-ciililg 

HL, ^ii$ii/cSafi-t^iMJf?WtmiJoJ;t/^®2t7) 

ixfzmmmm^^:mmmzm3m:u^A cr»i- h i,z 

m<m2 cOMiftT'a >y ^ fc , »I»T >f v^;i^ft-f-ttS -5 
mifcJ:t>'^2c7);i.-h^^i(7)jD^y-Hi3j:tX 

<7)iimy-Yi6Xx/^2<7)i]my-)'^zmm-tm2cr, 
mmt. mi}ixx/m2ms.y-¥izmu^ti. 
3 6 0- cr)mm^m<^mmtiim^mf^tim 

^•y h'7-:7tt^(>mfS.^til. 
[00 13] 

mmmm i . n i {4 . j; 

hi, tSsKx-f yf-l 0{4. H 1 (7)lli!j7'n y ^ 1 2t3 
J;t/B2colll!i7'n >y ^ 1 4 t:giE§ix. ® 1 
/-KA{2fitjA$;fT^ ||2<0«8it*V-HB(C^*&$ix 

AAi5j:t/}^Bizmitiii)m&<Dmmii. x-ni 

[Z^-!LhfllT'>('J^)Vmd^'-'d^l,zm^-tl, CMO 
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[00 14] ||lc7)||t!j7'Pv^'l 2{i. CML/EC 



m^tifzH'^Ini { Ii = Ipi + I„i) SrSfi^l.. ^2 

X'hh i„2 ( i2=ip2 + in2) SrSii-r-s. iSiSfi-ti 

{4. tt^fiffli?o-y^fi^*>'<8ffl§iiTV^I.*\ A:*!^ 
n -y ^ 1 1 J; t^' 1 2 * W L t K^fifflli^ < T 1 4: 

[00 1 5] T'o-y^' 1 2(4, A^I^'o-y^fi-^Ipife 

/i^iiIft-tS:;l— M 6fcJ:tA'l 8{c4x^. ^U-M 
6 (4. fi^ I p , i: ISIfifflt'S) 0 . y- F Ac7)«giEcOli1i 

Yh(7:>%xk<7)mmzn'^itzmm-^ti>. 
[0016] nmz. >y ^ 1 4{4. x-))m.-m.m 
n -y I p2 tJiiA' I „2 $• y- H B(7)«at'iiie^ii t . 

t>'22tc4;ti.. ai:'3;i--h2 0{4. mm^itnm^ 



Sr^rl-I., i(7)J:dt;t-C. jgil^lS^D.yi?m-f-Ii 

[00 17] fzti.\i. fi-^Api{4, Ipi*^'llill«F7 
>i^.x^l 2(7)A^Jffit::ffS-r-l. tl^tc. ei,z 
f#f>iil.. [Sli^tc. fi-f Bp2{4, l,i(7^mm^X'h 

0. mmv^yjx^ I A(r)K-nmz^th i^it 

LX)V-Y2 0{Z%(:>iXh. ;l^-M 8i>J:y^2 2±cO 
fi-^Ap 1 itXBp 2iOjEa-fbJiilc7)-^lt{4m{4ilT'S) 
I.. IrI^::, /l^-M 8^>J;y2 2±c0^i■f■A„li>J;^/• 
B„2 «iES^tlHScO-^fi-i#{afiT'$) h , 
[00 18] 2Oi0jMft[a]SS2 4i>J;l>'2 6{4, 

-:. T ffi:*! § Ap 1 is j;l>'A„ i {4^ 1 ff^m. 

mmn2A{zx-n^ii. rninvyyjx^ lAf^zi:-) 

T ffi:): S n SSiti^m-^ B p 2 J: t>' B „ 2 {4 m 2 iOjMfl 
lH]gS2 6lcA:'j§til.. 3ifi[sIS&2 4fcJ:l/'2 6{4. S 
iRWtc=g-^Pft-^^KlKt, J)Di:y-h'3 4fcj:t/3 6 

mm^<\t^iii;.v^cii<mi.zi}t-^x. seo- (nimm 
vv-'^X'hh%M^'y h'y-^six'i^^hixh. 

[00 19] I12fej:t>'«l(4. ^ll«-tqA*3J:y='qB 

<7:>m^ts:mzm'h^:^9u-v:/m^(ri%\t^^-f, tB 

:hm^O^ - 0„{47x— !f&ffiA^i5-ti:l>^ttCj; 
oT^yx^ixl. (O1+O3) ^(02 + 04) . 
[0020] 

[^1] 









aisy-K36 




mis 


0 


0 


Api + Bp2 


An1 + Bn2 
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0 


1 


Api + Bn2 


An1 + Bp2 


+ 0p-0n 


II 


1 


1 


Anl + Bn2 


Ap1 + Bp2 


-Op -On 


III 


1 


0 


An2 -H B p2 


Api-HBna 




IV 



[00 2 1 ] ll2t^$*If.'Opi>J:tA'0„i:V^d^$-^& 
ilfc 7 X -if «V - K A t> i B iOliolffll: i o T 

**ai:':ifi-^o (o=Op+o„) co{5ffl5:*^t«.c:^{4 
[0022] tij:^fi^oc7)^g^(4. m^mx\ 20 

qAt3J:i>'qB«4, \i;.ti9x:iy9m^<rimi(^ms^^m.% 

[00 2 3] HI. 112, fcitA'^UZSy-riotC. H 
1 co^lS I ^^^>v^•CS4^ o -y ^'fi-^^#|,yt:i^)l2{4. 



qfliDit/qBC^M:^r**lia roj t:'^ftii(f^^>^t\ 

d 1 il^ 2 *»^>Ba^>*^^ri: 3 , y- H 3 4 l=i3(tl> 
fi-^{4, lliilfi-f-Ap,t>J:l/Bp2*»'bfi!cO. /-h'36 
t*3ttl>fi-t{4, fi-tA„,fcj:t/B„2*^<^^i,. y-K 

3 4i:3 6<^Sc7)aj:>jfi-tO{4. (Api + Bp2)-(A 
„i-l-B„2) = (Api-A„,) + (Bp2-B„2) =0p+0„ 

X'hh. ai:/]ft-fOpfcj;t>'o„co{affi^{4'?-it-?'no- 

t9 0° -e^l-fit^SSAiJil/Btlt^oTigS 

^i{4, 0° ~9o- corai='5:i., ^<^m^m. 
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[0024] ft-tO„A^iET\ Op t^%</)t^ . -e«tti:'3 
fi#OC0fifflft{±9 0° -180" <Dm.'M. y-K 

ai^l^n-y^*-'^2mi5| (II) qftti 

[00 2 5] ailllUc&l.ai:'5^o-y^'tov^T{i, 

:'3fi-^Oc7){4ffl{i, 18 0° -2 7 0° <7)rBlT«L> 

[ 0 0 2 6 ] ^Plivtcj,!, tli:;]i?n .y ^ft^Ttfetc. 
qftfitia r 1 J ti^v)^ qeJif^S roj i::5rl.. fi-t 
Op(ijETS)0, Qn<±St'$)'5. -en'fiic^Mi2 7 
0° to- . -r=5ri5*>3 6 0° T'J>I., Hixi^com^ 
{i, -eitmill&^h7y>'':^:5'lcJo{t-l.y-HAfcJ; 

27 0° -3 6 0° <7)mX'mf^^hZt 
[00 27] n^A^-y YV—^ 3 immy-¥3 Ati 

tc^-r. cMosi:»i(±. mmm^ixtzcMosnff) 

i¥t<f^t-2.. 3oc7)«»K}!gl 1, 13t3j:l/15 
{5, -?•^^-fi^CMOS>f^sWo-sw' o, swi-s 

w 1. SW3-SW sfcis^ijwfM^n. a;^#(tm 

lice 0 J; o T«;^^#tt$^/t«oSJ fti^-r s . 

[00 29] nmz. S^Ml 3J4. ft-^d,c7)K;U 
tts!oT, y-FA^;t{iBlIio<,^TfI^eitJ:oT 

m^d2(r)\^KMZ%-oX. /~YAtfz\iQ\.zii\^x 

\me t^zx ->xmMm^titzmMiim-fh . m i 

fcJ;t/'ia2&fflv^T±^L/iJ:-3t, y-HAioiiA'B 
1), ll4i3j;lXll5&ffl»,^T$'btPL<f^]^I.J;a 

[ 0 0 3 0 ] ^/c, $WISc7)mkT ^ i^'-y Vifim^m.(r> 



-mx'h ; 1 1 Bfl t^x'h I « 

[003 1 ] ^l<7)mwmhyyiy:^i^l2it. x:n^ 
o 7 :J'fi-^ I pi jo I „i ^€»£AT-^p-tS3tJ^lcffl 
^^^il^^U ^-y hyy=JX^ Q 1 i5XX/Q2t^i^^ 
•9. ai:^Sl6fcctl/18tc^Pfi-^Ap,fcJ;lfA„i^ 
ttJ^-T'S. m2<7)|li)Wh^y>>"^^14(±. A:']^'n 
•y ^'ft-^ I p2 I „2 ^SSKB X'^mth fzMzm^^ 
h7 yi^';^^Q 3fc J;t/Q47!)^^>^ 

0. \ti-:hm20}5XX/22liZ^Mii^B^2iiXX/B„2^ 

[00 3 2] mtl^h^^vX^ 12fcJ;t>'14tcJ;o 

f^ii. mi)iihyy>'x^(DJi^-y^ y-\^i,zmu^ti 

|.CMOSf&aS'JfflI«»S:^'f >yf-^fflV^T$W$n^„ 
[00 33] ®lc0jI^tlHlS§2 4{i, h7y>'';:^^Q5 

i3J;V"Q6*>^,fKl)|gl60C!Viosi^2 ifciV. 

y Q 7 13 j; t/f Q 8 >ti^ ^>^l. H 2 COC M O S ^ 2 3 

'^li^if^fzib^zi^mmt^^tix^^i. zcoxo^z^ m 

l<7)CMOS>Pt2 lc7)Klx-^y{i. b^yd/X^QlO 

m260CMOSji^2 3i7)h'U-f y 
Ji. hyyiyX9Q.2cr)a]yC^^\,zmm.^tih. Vyy 
i^'XrJ' Q 5 il>'Q 7 OV-X{iy- K 3 4 {zmW.^ 
tl. hyy'Jxi^Q6}5XX/Q8(r)V-xi,iy~]<36 

1, zmm^tL^. 

[00 34] h7yi^'X^Q5fcJ;VQ8C0$iJiPffi^ 

(y-h) li. m.mm^ci,^^{ir:^rzMzitmmm^ 
mim^-i^i-f^fzMzimmm^tii. -fWN'-^3 

7{4. hyy=J:^i^Q5i5XV^Q8tiK hyy'JX^Q 
6}5XX/Q7(7)^mbmit<7)m^^z^j:lXol,zti>f.iit) 

izm^ti^. 

[0 0 3 5] q«*^V\^c7)t Q5}3XV^Q8li r^f 
7 J 1:^0, Q6ioj;t/Q7{4 r^l-yj tc^i,, ^fifi 
-vApiJi, hyy'JX^Q2}5Xl/Cl7i:mLX. MM- 
y-H3 4W#^>^l. ^Pfi^A„,{4, JpS[y-H3 6 

i,zn(>tii>, Ltzifi-iX. ]i!,1lm^o^^t. vyyjx 

3(>Wil,zmfk^ixhW.l(r)Vy'yC^ (Tl) i^zm-yxn 

[00 36] qs*in-c7)fc#. Q5joJ;VQ8{4 T;;}- 
yj (C'SrO. Q6t5j:t/Q7{4 r^7j a 
pi{±. b^>'>''^^Qit3j;iXQ5^jILT, JaEy- 

K34t#<i>ill.A\ A„i{4, h7yi^'X:J'Q2fcJ;t/' 
Q8&aLT. jD^y-h'3 6tf#^,ill,. 
[0037] m2c7)iMfillIS§2 6{4. ^Hff-^qB-CtlJ 

m^ixhcmosn2 5iiXx/2H)-^h^h. cmos 

iisf2 li>J;t/2 3cOJ^-^iOj;dtc. h7yi^'X:?Q9fc 
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[0038] hyy'JX:$>Q9iiXX/Q12mmm^ 

y i^x ^ Q 1 0 iD J: 1 1 comm^^iii^mmn $ 

y'Jxi^QlOUXX/Qi lti^:^yi,z^j:^Xol>z-tlfz 

Mzmm^tih. 

[0039] qB*^'^>^«t#, hyyi^X^QQiiJ: 
IfQ 1 2{i ^:^7 Q 1 Ofc J;i;fQ 1 1 (i 

>J fi-f-Bp2{ih5yi-'X^'Q3fcJ;i;fQl 0 

&ilLTJairy-H3 6lC-^X'^>tL. fi#B„2{i. h7 
y'JXi^Q4}3XX/Ql l&jlLTJDl:y-h'3 6t# 

[0040] qB*^'n-(7)t#, hyy'Jx^Q9f5X 
y"Ql 2(i Tjj-yj h^Vi^'XrJ'Ql 0i3j;l/;' 

Ql Itt r^7j T$>-S., fi-^Bp2{ih5yi;x^Q3 
fcJ;t/^Q9^31tTJ[Ii:y-h'34{C#4>tl, fi-^B„2 
{Sh7>'i^'X^Q4fcJ;t>'Q 1 2?:3ifCJDffy-h'3 

e^zn^^tLh. 

[004 1] '£m^^2 4iiXX/2 6l^zX-)Xtiitl^tl 

^mmi. nmmn.Riiixr/R2izi5uxi]m$ti 

OJi. 1jmm^^'y^iii:^?:±f&-tlfzisb^zu^^m 
ilitl3 9t23ll^>fT.-S.. 

[0042] CmOSW&X-f -y^lOlzm^^^^t-i}^ 
T^hX^^iX-( •yf-4 0Srll4tS^-r, ■ICD^^ 

*ll#ifm5,420,529 (^HJ^Guay et al.. SiiB 
1 99 5:^3^3 0 0, aiSAy-if>r^3AU 5t 

[0 04 3] S*«?l|X-f •y^4 0{i, NMOSh^y 
iyXi'A lbPMOShyyz^X^42t^i^m^^tl 

NMOS h^>i;^'X^'4 Ii3j:l/PM0S h^yi^' 
X^4 2c7)^'-hGlt5j;t/G2{i. y-H4 3ttg^ 
T-f >''^'-'l^$iJffllfi^dS:gfrri,, NMOSh7 
yi/X:J'4 lc7)y-;^s IfcitA'PMOS h^yi/'>(.:5' 
4 2<r>¥l'^ yD2li, y-]^4 4}DXr/^m^iM4 5 

izmm^tii>, m^M45ii. m^ifin<r>m^]^-Mz 

{0 0AA'\m4\,Zi5\^XmmX'^-tXol,Z. NMOS 



h y y^Jx ^4 1 (^mWi'^sst fdiy- K 4 4 i,zmu 

^tl. PMOShyy'JX'^42<Dmmii, Yddtfz 

iiv-xs2iztm^ti^. ^zximt^titzm'Off^m^ 
timmizb 'oxm^b^^dhmi^j:^\ mcotmb l 

xhx^\ vu^yDHi. y~\iAi,zmm^ti. V- 
xs2ii. y-¥Bi,zmm^tih. 
[0045] m^^iX-( ■yf-4 oa, ^-x^i'^-^ 
bix}5>^. ^nmxti'^mmuKMi'mx-^xKK ft 

[0046] mi^'i*. m^m4 5*^^>«0«s£{i, iffi^4 

3iz^x.(^ti^x:fjm^(Hzm-ox. y-h'Atr-x 
<7)mtfzlty-¥BbT-x(r>mco^ ^itfiti^coj ^x t^zm 

■f)^tll, X^mEd-ipa-</)b^. nmoShyyiyX 
94ll,i^:^y^X'h'0. PMOSh7y>''X:5'4 2{i 

r :t y J T'J) 0 , m^iWA 5 -Cft l:fv:«»S*V - H B t 
cSixl.. A^J«Ed*-V\^(7)i:#, NMOS h7yi^■>?> 
^4 IJi r^j-yj t'^) 19, PMOShyy'JX^4 2ii 

'":t7j T'$)i.. ^«»Si!i4 5tcJ;oT4t/iti;:»]«s£ 

[0047] fflfflSM O S h yyi^X^comi^mma. 

y-vAnxx/Bizma^tifzmmzX'yxm^-^rL 
I. ^ty^m^iztnir^ii§^mMoshyy'jxi?co 

ifyxmrni^zmx'^ imm^zA-^^ <miK^tii . 
[0048] ii5(i. ^^mnxm^^^tLicuosmm. 
x4 -y^i oc7)<f^ii-c'S)i.„ ii4t:s^-r^-frcoi:»i[ 

do~d„SrfflV^Tl(FtoTlSS-ri.ii:A^T'#, cnt' 

J; 0, b'(Dmmx-( -yi-izx-yxzcommmm-i^^ 
[ 0 0 4 9 ] isra r 1 J ^gct-s-HoTijiSJiy- h ac7)« 

mmm^th. fzbUi. t L4f -f ^^-y hiOM»fi 
-^do = l. di=0, d2=l, d3=lti^J'<XHZ^x.i^tl 
tb. y-h'Ac7)m»£{i:. SWo. SWa^^J;!, 

[0050] SWo~SW„cr)-?-ix-?M=M^-&a^#(t 
2r-tii{f, y-h'Aco«gi[ffic7)SiRtcA#=5:ili&Jt;t€ 

titzmmm^mikL. *A#(t««^K;i'&^r-t-i.«»£ 

{m^^e^t^zL. m^M5 2im:^i:e,\,zi,. m&u 

o\.zmm-h^bifix^^. ^zx\ k{i. m^mcom 
t-i^iiB\^^tzmx'hh, 

[ 0 0 5 1 ] 06 {i. . ^ O y 

mss^jcffl Lfz-m(r)m&m^-'mmz^.Ltzmx'h 
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'j^)i'mmim d o~ d „ t'{affl$ijffli§ ill. , 

[0 0 52] 117 {±, 'mmm^^it^^iztiz^i^ 

8h'-y hc7)^^)»Sg, -r=5:i5%, qAioJ:i;fqB{i2h' 

[0 0 53] mi iZw^i'^2 00 pscr):^'f-yy°C0±^ 
nhtih. iSTfit'-y h^h^^yy^^LT^,, ^5 PS 

(7)^^ti,zL^}^^^^j:\<\ zrm. mmizm^^-ti^i^^ 

{is i?^%m<^ms.<r>^mi.z^t.ri.hi:,(r>X'hh. 

[an i^^m<r)^ o -y ^ ^nn^<r)mmrch h . 



[112] A:l]^n-y:?fi^oWcJ:l.tiJ:'j^n-y^ 

[113] [llc7)lDlg§^®lB&[l-C'$)i.. 

[[15] *%Bfltcj:l.^«»Sfl)'9#;i[sI 
06] 



l -^fflH. 2 
4. 

X-f-y^. 4 0 
1 2 



[07] mmm^(7)m^Mzn^:^^:hm&mwi 

^'o.y:?S^PLL7ny^, 3. 
5. 10-CMOS«afL 
BsTi;^^ -y^, 11, 13. 15 
1 coHiJT'o 'y ^ , 14-m2cr,m 
iJ^Oy:^, 16, 18-;k-b. 2 0. 2 2-;P- 

2 1. 2 3---CMOSM, 2 

2 6-|g2c7)jMfiig!?§, 2 5, 2 7-CMOSM. 3 1 

34, se-tmy-}^. si. 

3 8"-f 3 9-US^tii|if|. 5 1. 5 2, 
5 3, 5 4--m^m. C-ayy-'y^^ do~dk"-T'f 
xr^'yPiS. Ql. Q2, Q3, Q4, Q5, Q6, Q 
7, Q8. Qll, Ql 2"-h7yi^';^^> Rl, R2 
-A 
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